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(57) ABSTRACT 

A receiver utilizes an array of complex accumulation reg 
isters to form an image of the average chip shape or, as 
appropriate, chip edge shape, of the received signal over a 
specified period of time as a time series of complex power 
measurements. The receiver divides the length of the chip 
into a plurality of ranges, or “bins, and, as appropriate, 
extends the bins to cover additional chips or portions 
thereof.” When a sample is taken, the receiver enables the 
respective registers that are associated with the correspond 
ing bin orbins, and the respective registers then accumulates 
the associated power measurement. The receiver uses the 
accumulated measurements from selected registers and/or 
selected groups of registers, to produce the correlation 
values that are needed to perform one or more correlation 
techniques and/or one or more multipath mitigation tech 
niques. As appropriate, the sizes and/or starting points of the 

Int. C. bins, and/or the selections of the bins for the various 
H04B I/00 (2006.01) groupings may be altered, to change the spacings, locations, 
U.S. Cl. ............................................ 375/149; 37.5/150 and so forth to which correlation values correspond. 
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SYSTEMAND METHOD FOR MAKING 
CORRELATION MEASUREMENTS UTILIZING 

PULSE SHAPE MEASUREMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related to U.S. patent 
application Ser. No. 10/823,030 entitled APPARATUS FOR 
AND METHOD OF MAKING PULSE-SHAPED MEA 
SUREMENTS. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The invention relates generally to systems for 
making correlation measurements using broadcast spread 
spectrum signals and, in particular, to systems that make 
correlation measurements using pulse shape measurements. 
0004 2. Background Information 

1. Field of the Invention 

0005 One example of a system that utilizes broadcast 
spread-spectrum signals is a global positioning system, Such 
as, GPS, GLONASS or GALILEO systems. The system 
receivers determine their global positions based on the 
signals they receive from associated satellites. The broadcast 
spread-spectrum signal consists of a carrier that is modu 
lated by at least one pseudorandom code, such as a binary 
PRN code that consists of a pseudo-random sequence of 
ones and Zeros that periodically repeat. The ones and Zeros 
in the PRN code are referred to as “code chips, and the 
transitions in the code from one to Zero or Zero to one, which 
occur at “code chip times,” are referred to as “chip transi 
tions. Each satellite uses a unique PRN code, and thus, a 
receiver can associate a received signal with a particular 
satellite by determining which PRN code is included in the 
signal. 

0006. The receiver calculates the difference between the 
time a satellite transmits its signal and the time that the 
receiver receives the signal. The receiver then calculates its 
distance, or “pseudo-range.” from the satellite based on the 
associated time difference. Using the pseudo-ranges from at 
least four satellites, the receiver determines its global posi 
tion. 

0007 To determine the time difference, the receiver syn 
chronizes locally-generated PRN codes with the PRN codes 
in the received signal by aligning the code chips in respec 
tive local codes with the chips in the corresponding satellite 
generated PRN codes. It then determines how much the 
locally-generated PRN codes are shifted, in time, from the 
known timing of the satellite PRN codes at the time of 
transmission, and calculates the associated pseudoranges 
essentially by multiplying the measured time shifts by the 
speed of light. The more closely the receiver aligns the 
locally-generated PRN code with the PRN code in the 
received signal, the more precisely the receiver can deter 
mine the associated time difference and pseudorange and, in 
turn, its global position. 
0008. The code synchronization operations include 
acquisition of the satellite PRN code and tracking the code. 
To acquire the PRN code, the receiver generally makes a 
series of correlation measurements that are separated in time 
by, for example, a code chip, to determine when the locally 
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generated code aligns with the received code to within one 
code chip. To thereafter track the PRN code, the receiver 
generally makes correlation measurements that are associ 
ated with the received PRN code and early and late versions 
of the locally-generated PRN code. Using the early and late 
correlation measurements, the receiver produces an associ 
ated error signal that is proportional to the misalignment 
between the local PRN code and the received PRN code. The 
error signal is used, in turn, to control the clocking speed of 
the local PRN code generator, which essentially shifts the 
local PRN code to minimize the error signal. 
0009. The receiver also typically aligns the satellite car 
rier with a local carrier using correlation measurements 
associated with a punctual version of the local PRN code. To 
do this the receiver uses a carrier tracking phase lock loop. 
0010. The receiver receives not only line-of-sight, or 
direct path, satellite signals but also multipath signals, which 
are signals that travel along different paths and are reflected 
to the receiver from the ground, bodies of water, nearby 
buildings, etc. The multipath signals arrive at the receiver 
after the direct-path signal and combine with the direct-path 
signal to produce a distorted received signal. This distortion 
of the received signal adversely affects code synchronization 
operations because the correlation measurements, which 
measure the correlation between the local PRN code and the 
received signal, are based on the entire received signal— 
including the multipath components thereof. The distortion 
may be such that the receiver attempts to synchronize to a 
multipath signal instead of to the direct-path signal. One way 
to more accurately synchronize the received and the locally 
generated PRN codes is to use the “narrow correlators' 
discussed in U.S. Pat. Nos. 5,101,416: 5,390,207 and 5,495, 
499. It has been determined that narrowing the delay spacing 
between early and late correlation measurements Substan 
tially reduces the adverse effects of noise and multipath 
signal distortion on the early-minus-late measurements. The 
narrow correlators are essentially spaced closer to a corre 
lation peak that is associated with the punctual PRN code 
correlation measurements than the contributions of many of 
the multipath signals. Accordingly, the early-minus-late cor 
relation measurements made by these correlators are sig 
nificantly less distorted than they would be if they were 
made at a greater interval around the peak. 
0011) Another correlation technique makes non-zero cor 
relation measurements near chip transitions in the locally 
generated PRN code and Zero valued correlation measure 
ments otherwise. This technique, which is referred to herein 
as “blanked correlation,” is described in U.S. Pat. No. 
6,243,409. 
0012 Yet another way to more accurately synchronize 
the received and the locally-generated PRN codes is to use 
a multipath mitigation processing technique that iteratively 
produces estimates of the direct path signal and one or more 
of the multipath signals. One Such technique, which uses 
multiple correlators arranged on either side of the correlation 
peak is described in U.S. Pat. Nos. 5,615,232 and 5,692,008. 
Another technique that uses multiple correlators is described 
in U.S. Pat. No. 5,414,729. Yet another multipath mitigation 
technique is discussed in Weill, “Multipath Mitigation Using 
Modernized GPS Signals: How Good Can It Get,”ION GPS 
2002, Portland, Oreg., Sep. 24-27, 2002. 
0013 The receivers and, in particular, the correlation 
hardware used for signal acquisition and tracking are con 
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structed to operate with selected correlation and multipath 
mitigation schemes. Thus, a receiver that operates with 
conventional parallel early, punctual and late correlators 
positioned about the correlation peak includes the three 
correlators and associated circuitry that provides the corre 
sponding early, punctual and late versions of the local PRN 
code. If the receiver instead uses multiple early and late 
correlators, the receiver includes a sufficient number of the 
correlators and the circuitry required to produce the associ 
ated versions of the local code. If a different correlation 
and/or multipath mitigation technique is to be used, the 
receiver hardware must typically be re-designed to include 
the necessary correlators and/or the circuitry required to 
produce the corresponding local versions of the PRN code. 

0014. Also, a receiver using the narrow correlation tech 
nique discussed above may require an additional set of more 
widely spaced correlators for use in re-acquiring the GPS 
code if the narrowly spaced correlators should lose lock 
during tracking. Thus, such a system requires two sets of 
early and late correlators as well as the associated circuitry 
to produce the corresponding versions of the GPS code. 

SUMMARY OF THE INVENTION 

0.015 The invention is a receiver that utilizes an array of 
complex accumulation registers to perform any number of 
correlation and multipath mitigation techniques and/or use 
essentially any desired delay spacing for single or multiple 
sets of early and late correlation measurements. The array of 
correlators forms an image of the average chip shape or, as 
appropriate, chip edge shape, of the received signal over a 
specified period of time. The image is expressed as a time 
series of complex power measurements along the length of 
a single chip or along a chip edge, as appropriate. The 
receiver manipulates selected power measurements and/or 
groups of selected power measurements to produce the 
desired correlation discrimination information, and thus, 
eliminates the need for the conventional parallel early and 
late correlator hardware and the associated circuitry for 
producing the corresponding versions of the local PRN 
code. 

0016. More specifically, the receiver includes in a 
receiver channel an array of complex accumulation regis 
ters. Each complex accumulation register, which consists of 
an in-phase accumulator and a quadrature phase accumula 
tor, can be separately and selectively enabled. The respective 
complex accumulation registers accumulate measurements 
that are associated with signal samples that are taken from 
specific ranges of locations along a spread-spectrum chip, or 
at corresponding relative “code phase times”. The array 
further includes a complex accumulation register that is only 
enabled when there is no chip transition in the local code, 
Such that the “non-transition accumulation register collects 
measurements that contain essentially only phase tacking 
information, or signal power. 

0017. The receiver divides the length of the chip into a 
plurality of ranges, or “bins,” that correspond to fractions of 
a chip. The bins may but need not be the same size across 
the chip. When a sample is taken, the receiver enables the 
complex accumulation register that is associated with the 
corresponding bin. The enabled register then accumulates 
the related correlation measurement. As discussed in more 
detail below, the complex accumulation registers collect the 
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measurements at sample times that are asynchronous with 
the code rate, and the ranges and the corresponding sizes 
and/or numbers of bins are thus fully adjustable. Accord 
ingly, the hardware can be used with essentially any is 
correlation and/or multipath mitigation scheme by selec 
tively adjusting the sizes of the ranges and/or combining the 
measurements associated with selected ranges, to provide 
appropriate discrimination information for code and carrier 
tracking and, as appropriate, multipath mitigation. 

0018. The same set of accumulated measurements may 
be selectively grouped to produce correlation values for 
various correlation techniques concurrently. Thus, the 
receiver may, using the same set of accumulated measure 
ments, produce correlation values for one or more correla 
tion techniques including wide spacing, narrow spacing, 
blanked correlation, multiple correlators, and so forth, and/ 
or one or more multipath mitigation techniques. 

0019. As an example, the accumulated correlation mea 
surements associated with a selected number of bins both 
before and after a desired code tracking point may be 
combined to produce early and late correlation values for 
essentially any desired delay spacing. Further, multiple early 
and late correlation values at desired spacings may be 
determined by selectively combining the accumulated cor 
relation measurements associated with various groups of 
bins that either precede or come after the desired code 
tracking point, and so forth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The invention description below refers to the 
accompanying drawings, of which: 

0021 FIG. 1 is a block diagram of a spread-spectrum 
receiver that employs the teachings of the inventions; 

0022 FIG. 2 is a more-detailed block diagram of a 
complex accumulation register that is included in the 
receiver of FIG. 1; 

0023 FIG. 3 is an alternative arrangement of a code 
phase decoder included in the receiver of FIG. 1; 

0024 FIG. 4 is a plot of accumulated correlation mea 
Surements; 

0.025 FIGS. 5A and 5B are illustrations of code chip 
ranges: FIG. 6 is a more detailed block diagram of the code 
phase decoder included in the receiver of FIG. 1; and 
0026 FIG. 7 is a block diagram of the receiver of FIG. 
1 further including multipath mitigation processing ele 
mentS. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

0027. Referring to FIG. 1, a receiver 10 receives a 
composite spread spectrum signal over an antenna 11. A 
downconverter 12 and sampler 14 operate in a conventional 
manner, to downconvert the received composite signal and, 
in the exemplary embodiment, take sequential I and Q 
samples of the downconverted signal and convert them to 
digital values. The sequential samples are provided to the 
respective channels 16 as Successive I and Q samples. For 
convenience, a single channel 16 is depicted in the drawing. 
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0028. The channel 16 includes a complex mixer 25 that 
removes the carrier from the I and Q samples by mixing 
them with an estimate of the carrier that is produced by a 
carrier NCO 26. The respective incoming I and Q samples 
are mixed with both sine and cosine transformations of the 
estimated carrier, to produce corresponding complex I and Q 
sample pairs. 

0029. As discussed in more detail below, the sample pair 
for a given I or Q sample is correlated with, that is, 
multiplied by, a locally-generated PRN code and the results 
are accumulated in inphase and quadrature accumulators 38 
(FIG. 2) of an enabled complex accumulation register 34 in 
an array 32 of complex accumulation registers. The enabled 
complex accumulation register is associated with the Sam 
ple's code phase time, or more specifically, with a range of 
times that include the code phase time of the sample. The 
range may be referred to herein also as a “bin.” The 
component pairs corresponding to the respective I and Q 
samples are used to more precisely characterize the samples, 
which may include both real and imaginary components. 
The correlation measurements are accumulated over a num 
ber of code chip edges. Such that the complex accumulation 
registers in the array contain measurements that correspond 
to an average chip shape or, as appropriate, average chip 
edge shape. 

0030) A non-transition complex accumulation register 36 
accumulates the signal power measurements over the 
respective code chips in which there are no corresponding 
transitions, i.e., changes in polarity, at the chip times in the 
local code. These correlation measurements have essentially 
no code shape information, and contribute only to the total 
correlation power. Accordingly, the accumulated values in 
the non-transition complex accumulation register are used 
directly in the calculations relating to carrier phase tracking 
and as part of the punctual correlation value in the calcula 
tions relating to code tracking, as discussed in more detail 
below. 

0031. The carrier NCO includes a phase generator 22 that 
produces the carrier phase estimate. The phase generator 22 
operates in a known manner and incorporates, through an 
adder 23, updated carrier rate information that is provided by 
a carrier rate register 25. The carrier rate register is, in turn, 
controlled by a carrier tracking error signal that is produced 
by a phase locked loop (“PLL) 60. 

0032) The channel 16 further includes a PRN code gen 
erator 24, which operates in a known manner to produce a 
locally-generated spread-spectrum PRN code that corre 
sponds to one of the codes in the received composite signal. 
In the example of a GPS system, the code generator 24 
produces a locally-generated PRN code that is the same as 
the code that is transmitted by one of the satellites then in 
view. In the exemplary receiver, the code generator 24 
produces only an “early” version of the PRN code, that is, 
a version that precedes the PRN code that is transmitted by 
the satellite by a predetermined fraction of a code chip. The 
local PRN code may precede the transmitted code by 1 code 
chip, or one-half code chip, and so forth. For convenience, 
we refer herein to the locally produced early PRN code as 
the “local code.” Since the receiver requires only a single 
version of the PRN code. This is in contrast to conventional 
receivers, which require early, punctual and late versions of 
the PRN code. 
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0033. A code numerically controlled oscillator 
(“CNCO)42 drives the PRN code generator 24, to bring the 
local code into alignment with the received code. Such that 
the local code precedes the received code by the predeter 
mined code chip fraction. A code phase generator operates 
in a known manner to produce an estimated code phase that 
incorporates, through an adder 45, updated code rate infor 
mation from a code rate register 46. The code rate register 
is, in turn, controlled by a code tracking error signal that is 
produced by a carrier-aided code tracking DLL 62, which 
operates in a conventional manner. As discussed below, the 
CNCO provides the estimated code phase to a code phase 
decoder 40, which produces signals that selectively enable 
the complex accumulation registers 34 and 36. 
0034. The complex I and Q samples are multiplied by the 
local code in multipliers 26 and 27, to produce correspond 
ing correlation measurement signals that are then provided 
to the array 32 of complex accumulation registers 34 and 36. 
The code phase decoder 40 selectively enables the accumu 
lation registers, such that the correlator measurements are 
accumulated in the appropriate accumulation registers or 
“bins,” that is, in the accumulation registers that are asso 
ciated with the code phase times that are estimated for the 
respective samples. 

0035) To save battery power, the code phase decoder may 
operate at one-half the sample rate. An offset register 41 
(FIG. 3) is then included to update the code phase decoder 
appropriately between clock cycles. In the example, the 
offset register is a Q offset register that provides offset values 
to the code phase decoder 40 to ensure that the appropriate 
accumulation registers 34 and 36 are enabled to receive the 
correlation measurements that correspond to the code phase 
times of the Q samples. 
0036) Referring still to FIG. 3, the carrier NCO may 
similarly operate at one-half the sample rate, and include a 
phase compensation circuit 28 to provide to the mixer 25 the 
sine and cosine values for the respective I and Q samples. 
The mixer then produces the respective complex samples as 
in-phase and quadrature component pairs: 

ITI=I coS JITI 
QTI=-I sin JITI 
and 

Iro-Q sin JITo 
Qto=Q cos Jiro 

where TI refers to the code phase time of the incoming 
in-phase sample, TQ refers to the code phase time of the 
incoming quadrature-phase sample, Jr. is the estimated 
carrier phase angle at the time of the incoming in-phase 
sample and tro is the estimated carrier phase angle at the 
time of the incoming quadrature-phase sample. 

0037 As discussed below, the receiver manipulates the 
accumulated values contained in respective complex accu 
mulation registers 32 and 36 to produce code tracking 
discriminator information that is used in the code tracking 
DLL 62 and phase tracking information that is used in the 
carrier tracking PLL 60. 
0038 Referring now also to FIG. 4, the operations of the 
receiver are described in terms of an example in which a 
standard early-minus-late discriminator is used for the track 
ing of a GPS C/A code In the example the contents of the 
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in-phase and quadrature accumulators provide the average 
C/A code chip edge shape, as depicted in FIG. 4 (RePACI 
and RePAC Q signals). The tracking point selected for the 
C/A code chip transition is the Zero crossing of the inphase 
accumulated values, which occurs in the drawing, between 
bins 7 and 8. A code/carrier error signal processor 50 
manipulates the accumulated correlation measurements for 
selected bins to produce code and carrier tracking error 
signals, as described below. 
0.039 The code/carrier error signal processor 50 calcu 
lates the standard early-minus-late discriminator as: 

p+n. (eqn. 1) 

where 2n is the desired early-late delay spacing represented 
as a number of bins, p is the bin number that designates the 
desired code tracking point, i.e., the code tracking point falls 
between bins p and p+1, and A is the complex value 
contained in bin k's in-phase and quadrature-phase accu 
mulators. The Summation is a complex addition operation, 
with the contents of the in-phase and the quadrature accu 
mulators of bink as the real and the imaginary components, 
respectively, of the corresponding complex value A. Fur 
ther, the values A are normalized to accommodate different 
ranges or bin sizes. 
0040. The processor 50 may use various values of n, that 

is, numbers of bins on either side of the designated code 
tracking point, to produce early-minus-late discriminator 
information associated with desired correlator spacings. For 
example, the discriminator information associated with a 
narrower spacing is calculated using a Smaller number of 
bins, i.e., using a Smaller value of n. Alternatively, or in 
addition, the processor may reduce the sizes of the bins, that 
is, shorten the lengths of the associated ranges, such that 
combinations of n early bins and in late bins produces a 
discriminator value that corresponds to a desired narrower 
early-late spacing. If a wider spacing is required to, for 
example, re-acquire the code, the processor may instead use 
a larger value for n, that is, use accumulated values from 
greater numbers of bins. Alternatively, or in addition, the 
processor may widen the bins. Further, the processor may 
change the starting points of the bins, such that the bins are 
moved to, for example, associate the code tracking point 
with the complex accumulation register 34 that is in the 
center of the array 32. 
0041 Further, if the spacing of the bins, that is, the 
spacing between the starting points of the bins or alterna 
tively the mid-points of the bins, is greater than or equal to 
the spacing of samples taken at the Nyquest rate, the system 
may mathematically manipulate, for example, interpolate, 
between the accumulated values that correspond to the bins. 
This produces a chip edge shape with greater granularity, 
without sacrificing precision. The intermediate values, deter 
mined in the example by the interpolation, may then be used 
in calculations in place of or in addition to the accumulated 
values. Accordingly, the value “n” in the calculations is 
expanded to include intermediate bins which correspond to 
the interpolated values. The selected delay spacing is thus 
not limited by the relative spacings or sizes of the bins that 
are associated with the accumulation registers. 
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0042. The code/carrier error processor 50 calculates the 
punctual accumulation value that is used for determining the 
code error signal as: 

W 

P = X. A-SA, + ANT 
(eqn. 2) 

where p again designates the desired code tracking point, N 
is the total number of transitional bins and ANT is the 
complex value in the “non-transitional accumulation reg 
ister. The punctual correlation value could be determined 
without the accumulated non-transition value, that is, with 
out Ar. If, however, a GPS C/A code is being tracked 
one-half of the associated signal power is essentially lost 
without AN because the C/A code transitions at only one 
half of the code chip times in a code epoch. 

0043. The code error, C., from a standard Normalized 
Dot Product DLL Discriminator is then: 

iple-L + Qp QE-L (eqn. 3) 
C = - X chipsize 

Ii + Qi 

where I and Q are, respectively, the in-phase and quadra 
ture-phase components of the complex punctual accumula 
tion value PP and IE-L and QE-L are the in-phase and quadra 
ture-phase components of the complex early-minus-late 
discriminator, P. The chip size is included in the calcu 
lation to normalize the error value, since various codes, e.g., 
the GPS C/A code and P code, have different chip sizes. The 
processor 50 provides the code error signal to the DLL 62, 
which then operates in a conventional manner to produce the 
error signal that controls the code rate register 46. 
0044) The code/carrier error signal processor determines 
the carrier phase error using an arctangent-like function: 

| (eqn. 4) W p 

(3.4-3. ht k =p+1 k=1 
Phase Error = arctan 

W p 2 

X, Qk 2. O + o 

where I and Q are the in-phase and quadrature-phase 
components of the complex value that is contained in the 
complex accumulation register that corresponds to bink and 
INT and QNT are the in-phase and quadrature-phase compo 
nents of the complex value that is contained in the non 
transitional complex accumulation register. 

0045. The phase error signal is used by the PLL 60 in a 
conventional manner, to produce the phase tracking error 
signal that controls the carrier NCO phase generator 22. The 
phase error calculation uses the accumulated values from all 
of the complex accumulator registers, including the “non 
transition' complex accumulation register 36. While the 
phase error could be determined without the accumulated 
non-transition value, as discussed above, one-half of the 
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associated signal power is essentially lost because the C/A 
code transitions at only one half of the code chip times in a 
code epoch. 
0046 Referring again to FIG. 1, the CNCO 42 produces 
chip-edge clock signals that are used to align the phase of the 
locally-generated PRN code to the received PRN code, to 
within the predetermined fraction of a chip. The CNCO also 
produces fine code chip phase detail signals, which represent 
the estimated code chip times of respective incoming I 
and/or Q samples, and provides these signals to the code 
phase decoder 40. 
0047 The code phase register 44 at any given time 
contains a count that corresponds to the estimated code 
phase, that is, to an estimated code phase time. When the 
count corresponds to the start of a new chip, the code phase 
register provides a signal to the code generator 24, which 
then produces the next chip of the locally generated code. 
The signal produced by the code phase register is synchro 
nous with chip times in the local PRN code, which in the 
example is the early code version. At every sample clock 
time the code phase register also provides the code phase 
time value to the code phase decoder 40, which controls the 
enabling of the complex accumulation registers 32. 
0.048 Before discussing the operations of the code phase 
decoder 40 in more detail, we refer to FIGS.5A and 5B to 
describe the code chip ranges that are associated with the 
accumulation registers 32. As shown in FIG. 5A, a code 
chip 70 is segmented into a plurality of code chip ranges or 
bins 72, each of which is a fraction of a code chip. The 
sample S taken at time t has a code chip time that is 
included in a range that covers the middle of the chip. The 
ranges near the chip rising edge may be Smaller than the 
ranges that are near the middle of the chip, as appropriate. 
0049 Referring also to FIG. 5B, the bins 72, may extend 
up to the falling edge of the chip, and bins 73 may extend 
beyond the falling edge of the chip and even over multiple 
chips. The bins 72 that cover the falling edge and the bins 73, 
as appropriate, may be used in wide correlation techniques, 
Such as techniques that involve delay spacings of one or 
more chips. For wide correlation the bins at or near the 
falling edge of the chip may be used to produce early signals 
or, with a flipped sign, late signals, depending on the desired 
spacing. The values from bins 73 may be used to calculate 
correlation values that correspond to delay spacings of 
greater than 1 chip to provide a larger pull-in region for 
signal acquisition and tracking in noisy and/or high dynamic 
environments. Further, as described in more detail with 
reference to FIG. 7 below, the values from bins associated 
with multiple chips may also be used to more fully charac 
terize multipath signals. 
0050 Referring also to FIGS. 2 and 6, at each pulse of 
the sample clock, the code phase register 44 provides to the 
code phase decoder 40 a code phase time value that corre 
sponds to the estimated position of the corresponding 
sample relative to the underlying code chip. Thus, at sample 
time t (FIG. 4), the code phase register provides to the code 
phase decoder a code phase time value that corresponds to 
the sample's mid-chip position. As depicted in FIG. 6, the 
code decoder includes a plurality of bin processors 43 that 
collectively determine which bin contains the code phase 
that is estimated for the current sample. The processor 43 
that corresponds to the appropriate bin provides signals that 
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enable the associated complex accumulation register 34. 
Such that the register can then add the correlation measure 
ment values to the contents of the inphase and quadrature 
accumulators 38. 

0051. The processors 43 may, for example, compare the 
estimated code phase time with upper and lower bin bound 
ary values that define the range or extent of the bin in terms 
of code phase times. The upper and bin boundary lower 
values may be readily altered, to enlarge or reduce the extent 
of the associated ranges. The bin boundary values may 
instead or in addition be selectively altered for particular 
bins to, for example, use Smaller ranges for the bins that are 
nearest to the chip edge, and so forth. 
0052 The range upper and lower bin boundary values are 
provided by the code/carrier error signal processor 50. The 
processor may adjust the ranges based on the relative sizes 
of the code and phase errors. The processor may, for 
example, reduce the sizes of certain or all of the ranges once 
the code tracking error signal is Sufficiently small to indicate 
tracking to with one code chip, and further reduce the ranges 
as the tracking error decreases. In addition, as discussed 
above, the processor may interpolate between bins to 1s 
provide correlation values that are more closely spaced. In 
this way, the processor takes advantage of the increased 
tracking accuracies of narrow correlation. Alternatively, the 
processor 50 may take advantage of the narrow correlation 
simply by utilizing the measurements from fewer bins 
and/or utilizing interpolated values, without changing the 
sizes of the ranges. 
0053. The code generator 24 may also produce a chip 
transition signal, which may be used to assert an enable 
signal for the complex accumulation register 36. Following 
a code chip time in which there is no polarity change or 
transition in the locally generated code, for example, a chip 
transition signal is asserted and remains asserted for the 
entire chip to enable the non-transition accumulation register 
36 and disable the other registers 34. The chip transition 
signal is not asserted at the start of a chip if there is a 
transition in the local code, and the register 36 is then 
disabled, while the registers 34 are enabled as a group and 
can then be selected based on the estimated code phase times 
of the respective samples. The non-transition complex accu 
mulation register thus accumulates all of the correlation 
measurements associated with the non-transitioning code 
chips, and the other registers 34 selectively accumulate the 
measurements associated with the remaining code chips. 
0054 Different discriminator functions may be used at 
different times during tracking operations, simply by 
manipulating the accumulated values from different groups 
of bins and/or using different manipulation functions. As 
discussed earlier, an early-late discriminator function with 
reduced spacing, that is, narrower correlation, may be used 
by including a smaller value for n in equation 1, and thus, 
using the accumulation values from fewer “early' and “late' 
bins. If the tracking loop loses lock, the spacing may be 
immediately increased by using a larger value for n in 
equation 1, and thus, using the accumulation values from 
more of the early and late bins. 
0055 Multiple early and/or late values, which correspond 
to multiple sets of early and late correlator hardware in a 
conventional receiver, may be determined at any time by 
selectively grouping the bins. Accordingly, correlation val 
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ues that correspond to conventional correlators at locations 
that are / chip and 4 chip early, respectively, can be readily 
determined concurrently by selectively combining the con 
tents of the accumulators to obtain values associated with 
bins that span the desired ranges—in the example, a /2 chip 
early value may be produced by 

p-2 

P1 = At + ANT 
2 

W 

X. A - 

while values for 4 chip spacing may be produced by 

W 

P =XA - 
4 

and so forth, assuming that bin p-2 begins one-half chip 
before the designated code tracking point and bin p-1 begins 
one quarter chip before the designated code tracking point. 
The number of correlation values and the spacings of the 
multiple correlation values may be readily changed by 
re-grouping and/or re-sizing the bins. Thus, the receiver may 
operate as if it includes hardware that consists of any number 
of conventional correlators and/or correlator pairs. Further, 
the system may operate as if the correlators are placed in any 
number of locations relative to the correlation peak, and may 
further operate as if the number, locations and/or spacing of 
the correlators have changed. Alternatively, or in addition, 
the receiver may at the same time selectively group the 
accumulated measurements to produce the correlation val 
ues used in blanked correlation and/or other correlation 
techniques. Further, the interpolated values may be com 
bined with or used instead of the accumulated values in 
calculations, to provide values associated with desired spac 
ing and/or “placement of the correlators. 
0056. The accumulated measurements from the respec 
tive registers may also be provided at appropriate times to a 
multipath mitigation technique (mmt) processor 80 (FIG. 7), 
which then processes the measurements in accordance with 
known multipath mitigation techniques. The multipath miti 
gation processor thus determines at least an estimate of the 
location of the chip edge of the direct path signal based on 
the accumulated pulse shape measurements contained in the 
array of complex accumulators. The multipath mitigation 
processor may also produce carrier tracking and code track 
ing multipath error signals that are then used in a conven 
tional manner in the DLL 62 and PLL 60, to remove adverse 
affects of multipath from the code and carrier tracking 
operations. 

0057 Referring now also to FIGS. 5B and 7, as an 
example, the system accumulates correlation measurements 
that correspond to two chips 76 and 77 in the local PRN code 
75. The bins 72 accumulate measurements that correspond 
to the duration of a code chip, while the bins 73 accumulate 
measurements that correspond to what are the later contri 
butions associated with the same code chip in one or more 
multipath signals. Thus, the samples taken during local code 
chip 76 are correlated with the local code chip 76 and 
accumulated in bins 72. When the local code transitions to 
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chip 77, the samples are correlated with, that is, multiplied 
by, both the local code chip 77 in multiplier 25 and, in 
multiplier 25, the local code chip 76, which is stored in 
memory 82. The values produced using the local code chip 
77 are accumulated in the appropriate bins 72, and the values 
produced using the stored code chip 76 are accumulated in 
the appropriate bins 73. The bins 73 thus provide a shape 
associated with the ends of the code chips in the received 
multipath signals. The accumulated values from the bin 72 
and 73 may then be used by the MMT processor 80, to 
produce an estimate of at least a direct path signal using the 
multipath mitigation processing techniques described above. 
The MMT processor 80 then provides multipath mitigation 
signals to the PLL 60 and the DLL 62 through adders 84 and 
86. The MMT processor 80 may instead operate with 
accumulated values that correspond to delay spacings of 1 
chip or less and/or with interpolated values. 

0058. The code phase decoder 40 and bin processors 43 
(FIG. 6) operate together to enable the accumulation reg 
isters 34 that correspond to the appropriate bins 72 and 73. 
The bin processors 43 thus enable two registers for a given 
sample, one for the appropriate bin 72 and one for the 
appropriate bin 73, when the bins extend beyond 1 chip. 

0059. If the bins span three code chips, for example, the 
system produces correlation values by multiplying the 
samples by the current local code chip and stored values of 
the two previous code chips. The values associated with the 
current local chip are accumulated in bins 72, the values 
associated with the previous code chip are accumulated in 
bins 73 and the values associated with a second previous 
chip are accumulated in a set of bins (not shown) that are 
spaced two chips from bins 72 (one chip from bins 73), and 
so forth. The bin processors 43 thus operate to enable the 
appropriate number of bins for each signal sample. The 
receiver does not drive the sample clock to take samples at 
pre-determined times relative to the estimated code chip 
boundaries. This allows the receiver to enlarge or reduce the 
relative sizes of respective bins, or ranges, such that samples 
are spread over more bins or fewer bins, as appropriate, to 
provide, for example, a more detailed chip edge shape from 
which to determine the Zero crossing or code tracking point 
and respective early and late correlation values. 

0060. The receiver may concurrently produce the differ 
ent correlation measurements that are used in various cor 
relation techniques by selectively grouping the bins. Using 
appropriately set bin boundaries, the receiver may thus 
produce from the same set of accumulated measurements the 
correlation values associated with wide spacing, narrow 
spacing, blanked correlation, and/or other correlation tech 
niques, as well as the correlation values associated with 
various multipath mitigation techniques, such as, for 
example, the techniques involving multiple early and late 
correlation values. 

0061 The foregoing description has been limited to a 
specific embodiment of this invention. It will be apparent, 
however, that variations and modifications may be made to 
the invention, with the attainment of some or all of its 
advantages. Therefore, it is the object of the appended 
claims to cover all such variations and modifications as 
come within the true spirit and scope of the invention, 
including sampling the received signal to produce simulta 
neous I and Q samples. The simultaneous samples are then 
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processed in parallel, since corresponding I and Q samples 
will always occur in the same code chip range or bin. The 
range or bin sizes may be fixed and the complex accumu 
lators may be selectively enabled by logic that is controlled 
directly by the code phase time values. The early measure 
ments, that is, the results of multiplying the downconverted 
complex signal and the early version of the local PRN code, 
are used for the complex-accumulators 32 in the embodi 
ment described herein. However, the punctual or late mea 
Surements may instead be used, as long as the edge-detect 
signal is made synchronous with the selected measurements. 
The receiver operations may be performed in software 
and/or firmware, is and processors that are depicted sepa 
rately may be combined with other processors and/or indi 
vidual processors may instead consist of multiple proces 
SOS. 

What is claimed is: 
1. A correlation subsystem for a receiver that receives 

spread-spectrum signals, including: 

an array of complex accumulation registers that over 
multiple code chips accumulate correlation measure 
ments that correspond to samples of the received sig 
nal, the complex accumulators being associated with 
code chip ranges that span all or a portion of one or 
more code chips; 

a code phase decoder that controls the complex accumu 
lation registers to direct respective correlation measure 
ments to the complex accumulation registers that are 
associated with the code chip ranges from which the 
samples are taken, the code phase decoder decoding 
values that correspond to estimated code phase times of 
the samples; and 

a processor for selectively combining the accumulated 
values from two or more accumulation registers to 
produce correlation values for use in one or more 
correlation techniques, multipath mitigation techniques 
or both. 

2. The correlation subsystem of claim 1, wherein the code 
chip ranges over which the accumulated values are com 
bined are selected to produce one set or multiple sets of early 
and late correlation values. 

3. The correlation subsystem of claim 2, wherein the code 
chip ranges are adjustable to provide one or more desired 
delay spacings. 

4. The correlation subsystem of claim 2 wherein one or all 
of the sizes, numbers and starting points of the code chip 
ranges are selectively varied to provide one or more desired 
delay spacings. 

5. The correlation subsystem of claim 2 wherein the 
processor further manipulates the correlation values to pro 
duce early minus late code tracking discriminator informa 
tion. 

6. The correlation subsystem of claim 4 wherein the 
number of code chip ranges selected for combining is 
reduced to narrow one or more of the delay spacings. 

7. The correlation subsystem of claim 4 wherein the 
number of code chip ranges selected for combining is 
increased to widen one or more of the delay spacings. 

8. The correlation subsystem of claim 1 wherein a given 
code range that is associated with a code tracking point and 
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a number of ranges both before and after the given range are 
selected for combining to determine a punctual correlation 
value. 

9. The correlation subsystem of claim 8 wherein a code 
error is determined as: 

x chipsize 2 2 If + Of 
Cerror = 

where I and Q are the inphase and quadrature components of 
the complex values. 

10. The correlation subsystem of claim 1 wherein the 
array further includes a non-transition complex accumula 
tion register that accumulates correlation measurements 
associated with a code chip when the code does not transi 
tion at a chip time. 

11. The correlation subsystem of claim 10 wherein a 
phase error is determined as: 

2. I-XI. k=p+1 k=1 
Phase Error = arctan 

W p 2 

X, Qk 2. O + o 

12. The correlation subsystem of claim 10 wherein the 
punctual correlation value is determined as: 

W p 

P = X A-XA. At 

where p is the bin that is associated with the code tracking 
point. 

13. A receiver for receiving spread-spectrum signals, the 
receiver including: 

a local code generator that produces a version of a code 
that is included in the received signal; 

a code phase generator that produces chip edge signals 
and phase angles that correspond to an estimated code 
phase; 

a carrier phase generator that produces phase angles that 
correspond to an estimated carrier phase; 

a code tracking delay lock loop that produces code error 
signals that are used to control the code rate of the code 
generator, 

a carrier tracking phase lock loop that produces phase 
error signals that are used to control the carrier phase 
generator, 

a correlation Subsystem that includes 

an array of complex accumulation registers that collect 
measurements that correspond to samples of the 
received signal, the accumulators being associated 
with code chip ranges that span all or a portion of one 
or more code chips; 
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a code phase decoder that controls the complex accu 
mulators to direct the measurements to the respective 
complex accumulators that are associated with the 
code chip ranges from which the associated Samples 
are taken, the code phase decoder decoding values 
that correspond to the estimated phase angles of the 
samples; and 

a processor that selectively combines the accumulated 
values from two or more accumulation registers to 
produce code tracking discriminator information for 
the code tracking delay lock loop. 

14. The receiver of claim 13 wherein the processor further 
selectively combines the accumulated values from various 
code chip ranges and manipulates the results to produce 
phase error information for use in the carrier tracking phase 
lock loop. 

15. The receiver of claim 13 further including 
a multipath mitigation Sub-system for producing multi 

path mitigation information for use in code tracking, 
carrier tracking, or both, and 

the processor selectively combines the accumulated val 
ues from two or more accumulation registers to pro 
duce correlation values for the multipath mitigation 
Subsystem. 

16. A computer generated method for tracking a spread 
spectrum signal the method including the steps of 

accumulating correlation measurements that are associ 
ated with samples of a received signal over multiple 
code chips to produce complex accumulated values that 
correspond to code chip ranges that span all or a portion 
of one or more code chips; 

Selectively combining the complex accumulated values 
associated with two or more code chip ranges to 
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produce correlation values for use in one or more 
correlation techniques, one or more multipath mitiga 
tion techniques, or both. 

17. The method of claim 16 further including in the step 
of selectively combining the complex accumulated values 
the step of selecting the complex accumulated values that 
combine to produce one or more early correlation values and 
one or more late correlation values associated with one or 
more desired delay spacings. 

18. The method of claim 17 further including in the step 
of producing early and late correlation values the step of 
combining the early and late correlation values to produce 
early minus late discriminator information. 

19. The method of claim 18 further including in the step 
of selectively combining the complex accumulated values 
the step of selectively varying numbers of ranges that are 
combined, sizes of the ranges that are combined, or both. 

20. The method of claim 16 further including in the step 
of selectively combining the complex accumulated values 
the step of selecting the complex accumulated values that 
combine to produce correlation values that are used to 
produce code tracking discriminator information. 

21. The method of claim 16 further including 
in the step of accumulating, mathematically manipulating 

the accumulated values to determine intermediate val 
ues that correspond to ranges that are between the 
ranges associated with the accumulated values, and 

in the step of selectively combining the accumulated 
values, combining the inter-mediate values instead of 
or in addition to the accumulated values. 


